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20:80 ratio having cagbog
not be measured befaus :
the scorch may oc ppderion’ the AR

samples because the ofibbe

4.2 ODR measurements -
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Table 4.1 The scorch time and cure time of compounded

rubbers.
Compounded rubber scorch time(tgs) cure time(tgy)
{(minutes) {(minutes)
Recipe 1 ' \‘[ 6.95
Recipe 2 - E t g:?-—i'. 7.56
CaCOg filler 2
in Recipe 2 \ o\ \ 6.75
Silica filler ) 7 A% : :
in Recipe 2 a0 N\ Y 7.13
Carbon black fille ' v
in Recipe 2 4.20
Carbon black+silica
filler in Recipe 2 5.75
P |
From this table, c—amm bls

Filler reduces bt scorch time.

o nam GUEANENTNEINS
UIRIAIANAIANLIGY .. .

Figures 4.3, 4.4 and in Tables C.1, C.2. From Figure 4.3 for
unfilled PVC/NBR blends (so called unfilled compounds), the hardness
values decreased with increasing amount of rubber. In addition, the
hardness wvalues of PVC/NBR blends at 20:80 ratio of recipe 1 and
recipe 2 compounds were close to the hardness values at 40:60 ratio,

It can be seen that PVC compounds and wuleanized rubber can enhance




the hardness property because PVC compounds are stiffer than
unvulcanized rubbers despite adding 40 % DOP plasticizer into PVC
compounds (88 Shore A hardness for PVC compounds). Since vulcanized
rubbers have more elastic property than unvulcanized rubbers,
consequently vulcanized rubbers have force to resist the indentation
of hardness Shore A indentomliEhe watim hardness is dependent

A _ }Eriﬂl}. The hardness of

B —

unfilled PYC/NBR bleff&™SH-Recifel ﬁﬁmmz are the same
tendency. | X

Powdered it 5f rfigber grdd: PVC as partitioning
agent (9 phr) for i g l \\\} . In addition, P83
is precrosslinking Befgred ni¥ing % \CH Thus, the hardness
values of PVC/P83 bleftisfBre % fha \ ywentional PVC/NBR blends.

[aladanis 1

For filled inforcing fillers, silica
and carbon black } _—__—-:‘ for all range of
PVC/NBR blends {CaCOg} affect the
hardness values not m}'lch There m 'some reasons to support these

e, SRS MUY ISIRAT G o e

scale)[19] whille silica is l'm.'d {ths 6.5-7). Encmdly, the
I TN NS,
propertyy because high interaction good adhesion between
carbon black filler and polymer), therefore the hardness of carbon
black filled compounds increases.



HARDNESS (No Filter)

Shore A
100

: PVC:N220s
3 cacos I Carbon black Silica B Ceroon black +silica
[l Recipe 2{No Filler) .30+15 Parts)

Figure 4.4 Hardness of filled compounds.




4.4 Tensile measurements

Effects of PVC/NBR blends compositions and fillers upon the
mechanical properties were examined. The values of tensile strength,
elongation at break and modulus are shown in Flgures 4.5-4.12 and
in Tables C.3- C.10.

4.4.1 Hodulus F
and 300 X elongation g
PVC/NBR ratio becausg
self-reinforcing if 8 Lfhd d1en8é fehis “behavior is similar to
the hardness valuéS) b : 100\ % end” 300% elongation of
PVC/P83 blends are hihs £hutfof osnventional PVC/NBR blends.
Modulus at 100% and Xi2KE4d, of RVG/NBR blends in Recipel

he modulus at 100 %
~ ease with increasing
\\ characterized to ba

and in Recipe2 are the #améltsncencs

For fillediSomooun o tte—atHHEH *‘-1'“: gation of carbon
black filled compol I o) st Jevel of reinforcement

while silica and H filled mumﬂs Thow lower lml of

reinforcement aﬁm the

modulus valuaﬂ? between t mmﬂc illed and siliea

£illed ; ion. m
m arl lea filled

compounds at high rubber content of 40:80 ratio of PVC/NBR blends
are higher than that of 60:40 ratio. This can be explained that the
compounded rubber and carbon black filler have high .internctim

which may occur from bound m-.abbsr between rubber and carbon black
filler while this effect is very small for silica filler and do not
occur for CaC(J3 filler.




81

MODULUS (no Fitter)

Stress (MPa) AT 100 % ELONGATICH
&

BO:20 B840 4080 2080

PYC:N220S
[ cacoa Carbon tlack Sillca B Carbon bieckesilica
[ Racips 2 (Mo Filler] (20+18 Parts)

Figure 4.6 Modulus at 100 % elongation of filled compounds.




MODULUS (no Finer)
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Figure 4.7 Mdh \ 3 | of unfilled compounds.
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PVC:N220S
£ cacon Corbon blook B Silics BBl Carpon bDisckesilica
[ racipa 2 (Mo Filler) {30+15 Parts)

Figure 4.8 Modulus at 300 % elongation of filled compounds.




4.4.2

For unfilled PVC/NBR(unvulcanized rubber) blends at high
rubber content, tensile strength is low and elongation at break
is high compared with unfilled PVC/NBR(vulcanized rubber) blends.
From these results, U —.-'-]: E / Ers improve elongation at
break of polymer blendsh ot detd ‘ -thﬂ‘ tensile strength of
material because unVHICHOLsed b%snft and have higher
plasticity than vulcagie®l#Fubbers ! g, unvulcanized rubbers

gedd rubbers.

For unfillé&d sncds of vulcanized rubber
(Recipel, Recipel), #en# ] & nghh, 3 \\r ation at break increase
with increasing ruble b 1C al PVC/NBR ratio. But at
20:80 ratio, the tensile ongation at break decrease.
This can be explained thse &F dhesion between PVC and
vialeanized °T ~aé—iow-rubber-content—but * or adhesion at high
rubber content. Be ruaar particles disperse

in PVC matrix phase ‘,plastm phaaa) due to dynamic vulcanization,

cnssenti G4 B YR Y G ot o o

thus PVC phdde disperses :-.n vulmmed rubber mt;é:x phase and

In study of the tensile strength and 'ulmgatim at break
of filled PVC/NBR blends, two cases are considered. The first case
is PVC/HBR blends at high PVC content (80:20 ratio of PVC:NBR blend).
Nielsen (1866)[B] had sought to include stress-strain behavior as
a function of filler concentration in the plastic material for the

cases of (a) perfect adhesion between polymer and Ffiller (b)no




TENSILE (No Filier)
Stress(MPa) AT BREAK
20

R Ea

40:80 20:80

PYC:N220S
1 cacoa M Ceroon cleck [ sSinica Bl Carbon Disokesitice
MM Resipe 2 (Mo Filer) {30415 Parta)

Figure 4.10 Tensile strength of filled compounds.
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Figure 4.11 Mlofizftdop 28 8feAi\oflunfilled compounds.

460
PVC:N220S
] cecos W Carbon biack EEI Silica EE Carbon bisckssilica
MM Fecce2 (Mo Filler) {30416 Paris)

Figure 4.12 Elongation at break of filled compounds.



adhesion between them. Assuming perfect adhesion, Hielsen
calculated the elongation at break of the plastic (in the composite)
relative to the overall elongation at break of the filled specimen

to be
€. (filled)/Ep(untilled) y¢l/3  for perfect adhesion
b dlunc-EEattion of filler
The curve u/ | We \:i' in Figure A.1 (lower
curve). For tensilé s Y : \ esion are given by
Kerner’'s equation( Filers \equd 1941) and the curve

of no adhesion is
Figure A.2.

The tensile streg black filled compounds at

3? .

80:20 ratio is highbut the elongation af Beeai .is low compared with
Ve

silica and CaCOg v“l 8 = ¢Bncluded that carbon

black compounds hav® good adhesion between

= = e SRV
urmfz& tr

she carbon black filler
- ﬁtuem the silica
= o e/

BALLAND Wi lidd W ELIG Eenecao oo

ratio of PVC/NBR blend). The tensile strength of carbon black
filled compounds are higher than CaC03 and silica filled compounds
but the elongation at break of carbon black filled compounds is less.
Because _in general, highly reinforced elastomers are less extensible,
but have a higher stress to break than less reinforced elastomers[8].
These results are the similar manner in PYC/NBR blends at 80:20



ratio.

However, the tensile strength and elongation at break of
filled compounds increased with increasing rubber content for
all range of PVC/NBR blends (except carbon black filled and carbon

black/silica filled :80 ratio of PVC/NBR blends

because of no data). support these results are

igyre ﬁ Figure 4.28. Although

7,; .: he tear test, the

AL m‘\;\‘\a the similar manner.

electron micrographs
these fracture surfs
fracture surfaces ffom
From Figure 4.24, Figupé & &Fla ixe \ at high PVC content,
the fracture surfaghs w8 Brittleriess while at low PVC
content, from Figure re 4.29, the fracture
surfaces occur as ducf e-extension curves of
filled compounds of 80:3 MMBR for different fillers

are shown in Figures B.] ,3 By Fespectively.

iR :ﬂmmm el
Y ) Riaefa BibialeX |19 P Y i

stru'!gt.h are the same as mentioned earlier for modulus at 100 %
elongation of unfilled compounds. For filled compounds, the tear
strengths of carbon black filled compounds are the highest values.
The explanations are the same as mentioned earlier for modulus at
100 ¥ and 300 ¥ elongation of filled compounds.



Tear Strength (no Filler)

Tear strength(N/mm)

le]

20

80

PYC:N220S
] cacoa [ Cerbon black Silica B Cerpon bDlackesilica
Il Recipe 2 (Mo Filler) (30+15 Paris)

Figure 4.14 Tear strength of filled compounds.



4.6 Ligunid resistance measurements

The changes in mass (%) from liquid resistance measurements
for filled and unfilled PVC/NBR blends are shown in Figures 4.15,
4.168 and in Tables C.13, C.14. For unfilled compounds, the oil

resistance can be measured \o¥ ! foil swell(%), the lower values of
0il swell, the higher oil r Sdstafiet, t high PVC content, the
BYC can enhance the B#9erasispance=BF"BVC/NER blends although

NBR is used in 0il redtEPEee sk his
one of the advantages /A E&N‘T
valeanized rubber o T J_ Foi 'y \

is that for specifiggfolfedt S nypmad e\ o
Ao\

result confirms

ds. In addition, the

4
\ gSistance. The reason

‘\- 0sSlink density of the
rubber gives lower # sfel1ing ‘;\ fhis relationship is
b A )il \
quantitatively expressed -'-. 4ory-Hefmer equation(3].

| black and silica filled
compounds exhibitg Higher oil resistance &b _‘. filled compounds.
It can be seen that e Ga

" ”y -
resistance of pulymr blends because of "J- restriction of the

swelling of ﬁm - of reinforcing
£iller[3]. 1:;1 1 ,rﬁmmmﬁm with
polymer, thus ?ts d id Sy carbon
AT Y I

the surface of specimens. The oil resistances of silica filled

compounds are higher than earbon black filled compounds. It can
be explained that carbon black filler is organic filler which is

improve the oil

compatible with organic solvent while silica filler is inorganic
filler, thus, the carbon black filled compounds give higher oil
swell than silica filled compounds. However, the carbon black is




Qil Swell (No Filler)
Change in maes(%)
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20
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a1
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8020 80:40 4080 20:80

PVGC:N220S
] ceco3 [ Carbon black B Siica BB Carbon bleck+silica
[ Recipe 2(No Filler) (30415 Parte)

Figure 4.16 01l resistance of filled compounds.



g1

reinforcing filler and has interaction with rubber as bound rubber.
From these results, the o0il resistance of carbon black filled
compounds is higher than that of CaC03 filled compounds and unfilled

volume loss of filled
and unfilled comp 4.17, 4.18 and
Tables C.15,C.18B. e abrasion resistances
of unvuleanized ru oW (high volume loss),
particularly, at ® abrasion resistances
of vuleanized rubber mately constant. It can be
explained that the #in1: I has mére plasticity property
and can be deformed mord eds A afized rubber, consequently,
the mass on the surface of s spec ' be lost by abrasive surface

more easily.

For filled L:voumls the abrasim r@lstmnes of carbon

black filled ; ﬁlﬂ] Cal0g3 filled
,m ecaliSE Oz L silica fillers are
RS A

filled compounds can resist to the abrasive surface better than the
silica filled compounds. However, the unfilled compounds have the
best abrasion resistances in all range of compounds. These results
may be described that unfilled compounds are more resilient and
more elastic than filled compounds, thus, unfilled c:_mpnunds did not

lose mass due to the abrasive surface.




ABRASION RESISTANCE (no Fitler)

VOLUME LOSS(MM"3)
800

500 ——

Figure 4.17 Ab;

BO:20 BO:40 4060 2080

PVC:N220S
1 cacoa (Y Carton black TEE sijca B Caroon bleckssiiica
1M Recipe 2 (No Filler) (30415 Parts)

Figure 4.18 Abrasion resistance of filled compounds.




4.8 Electron microscopic study

The electron micrograph (Figures 4.19 and 4.20) show that the
rubber phase disperses in plastic phase(matrix phase) and particle

sizes of unvulecanized rubber and vulcanized rubber are approximately

0.3 - G.Q/ﬁ.m. and rubber p: y) like eliptical shape.
w particle sizes of

ot * COm Fm]rﬂ 4. 22 (a) {b}

\\ lica fillers show the

From Figure 4.2¢
CaCO3 filler and the
and Figure 4.23 (a),(
same characteristic wjfich of the small particles
(0.034m for carBo fm for silica filler).
From Figure 4.24, 4428

specimen of PVC/NBR bife

fare surfaces of tear
Atent (80:20, PVC/NBR ratio)
indicate the brittle Fif % elongation than blends
at low PVC content or high-ribbs From Figure 4.25, 4.27,
4.29, the fractuy v Sl CYLAhSR Slend a 7—1 n a ductile fashion.
4.9 Mﬂ]ﬂﬂ}n&m
Ay 'VIEWITW BN9

The pdilarized m.nroﬁmpe was used tn ubﬁerw the dispersion

whnk Y NONTAET R vl Tl

nitrile rubber homogenously both at high and low PVC content
while silica filler can not disperse homogenously. At high rubber
content, agglomeration of silica filler in rubber phase may ococur

but not appear in plastic phase, consequently, the color of rubber

phase is clear.



Figures 4.34 and 4.35 show the DSC curves of PVC/NBR blends.
These figures show two glass transition temparatures{Ti) {Tg- of

PVC approximately 80+10 °C, Tg of NBR approximately -20+10 °C) which
mean that the PVC/nitrile yrut
miscible. The peak of g X

ylends can not be complete
ot deep compared with the
peak of PVC despite lhese results can not
be explained clearly. iiGefes | peeured  from the difference of
their thermal conductigd® g€ /ffd beAl capagities. However, Ty of

PVC is observed clearl e'fybber is hardly seen.
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° ograph of an ultrathin
;HilEd nitrile rubber blends

L0
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Figure 4.20 Transmission electron micrograph of an ultrathin
section of PVC/vulcanized nitrile rubber blends

at 80:40 ratio.(x 10,850)
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Figure 4.21(b) Transmission electron micrograph of CaClg filler.

{x 9,000)




Figure 4.22(a n¥crograph of earbon black

Figure 4.22(b) Transmission electron micrograph of carbon black

filler.{x 55,500)




Figure 4.23¢

Figure 4.23(b) Transmission electron micrograph of siliea filler.

(x 45,000)




Scanning electron micrograph of fracture surface in tear

test of Calls filled compound at 40:60 ratioc of PVC/NBR
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Figure < .27 Scanning electron micrograph of fracture surface in tear
test of carbon black filled compound at 40:80 ratio of

PYVC/HBR blends.
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Figure 4.31 Polarized micrograph of thin layer of CaCOj filled
PVC/vulecanized HBR blends at 20:80 ratio.

(Magnification x 100, at the 10th degree of analyzer)



Figure 4.32 Polagiizef
PVC/wnllead i

(Magnifj a;;;gr ~i88e=at Ghe 10th degree of analyzer)
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o

Figure 4.33 Polarized micrograph of thin layer of silica filled
FVC/vulcanized NBR blends at 20:80 ratio.

{Magnification x 100, at the 10th degree of analvzer)
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